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HCCJIE,IJ;OBAIUIE OBMEHHhiX B3AlflVIO,IJ;EliCTBlfll 
B HbNiF3 METOJJ;OM 1IMP 

F. A. CAtaJI,encliuii, M. II. Ilempoe, B. B. MocnaMe, B. C. Hbeoe,. 
B. C. Hacnepoeu'l .u E. B. JJ<up1·wea 

Hcc;:re.:~onanhl yrnonh!e n re~meparypuLie aanHCHMocru cne1npon .fL\IP tflropa 
B RbNi F 3. Y CTUIIOBJieRO IIct.'Ili'IHe 90- H 180°-CJJIJaeii N i-F-Ni, UpliBOtlfii~fiX COOTBeT­
CTBeHHO I< tfleppo- H UR'l'HcjJeppOMUPHHTHO~lY o6MenJlOMY B38HMOge.liCTJJHIO. 

lloi,aaauo, 'ITO n napaMarHH'l'UOii cjJaae npn naJia<nur nnemuero Marunruoro noJill 
cy~eCTDYIO'r gne rrpOTllllOllOJIOH\f!O rrarrpan.'IeiiRhie MUCHHTHhTe 110/WelUeTIHI. ()Ta 
opHeH1'8J.I,l11I ~18PIIHTHIJX MOM0Il1'00 o6yc;ron.1eHa UH1'lHpeppOM8r'llJ11'llhiM 06MeiiHLIM 
B88HMOAeiJ:CTBHe)t Mell\/l:Y IIe<JKBHBa;reH'l'HhlMH liOgpemeTHUMH HOIIOB HHI\ej"IIJ. 

BoJibiiiHHCTBO <J>TopH.IJ:OB .Me+.Me2+F 3 (a.n;ecb Me+- neMarm1THhre, 
a Me2+- MarHHTRhle HOubr) RIJHCTaJIJIHayroTCH B CTPYKType THna nepoBCRHTa 
H HBJIHIOTC.Il anTir<J>eppoMarrreTHRaltm:. B OTJIHTJ:He OT .n;pyrl'JX <J>TopH,U:OB 
RbNiF 3 HMeeT cTpyKrypy, anarrorH'lnyro rcr{CaronaJibnoii MO,n:H<pHRaD,HH 
BaTi03 [I· 

2], 11 o6rra.n;aoT 6onhmHM CIIOHTanubJM Mal'HHTHbiM MOMeHTO.M IIPH 
TeMnepaTypax RHll\ e 139° K 1.3-5]. no ,u:aHHbiM, IWTOpble HMeiQTCH B H3CTOHID,ee 
BpeMH, RbNiF3 RHlRe Tc JIBJUieTCH <J>eppHMarrreTH:ROM c .IJ:BYMII neai<BHBa­
nerrTHbJMH MarnHTHhlliHI JJOJJ;pemeTRaMn. O.n;nai<o xapaRTep o6Memrhlx naanMo­
.n;eiicTBHii, )l,eTaJin RpHCTUliJIH'IecKoi1: H MariiHTno:ii cTpyRTyphl RbNiF 3 
OCTaiOTCH .IJ:O CHX llOp UC BbJHCll8HHbiMH. Iloneanyro HH<J>OpM3Il,HlO 06 9TOM 
MOryT lJ:aTh HCC:Ie,U:OBallH11 M8TO,!J;OIII 1llJ:8pHOf0 MarHHTHOrO peaonanca. 
0Ra3biBaeTCH, 'ITO cTpyr<Typa RbNiF 3 TaRona, 'lTO nalliepennrr noRaJihHhiX 
MarnHTHbiX uoneM: na H,n:pax F noaBOJI11IOT Hay'lHTb TeMnepaTypnbiH xo.n: 
naMarnH'lennocTeft OT,U:eJibHhlX no.n;pemeTOIC 8To oco6enno nnTepecno 
HOTOMy, 'ITO B JIHTepaType OTC)'TCTBYIOT IIO,U:06Hhle 9IWll8JlliM8HTaJibHble 
peay JlbT3Tbl. A Jill <J>eppHMarneTHROB' npn TeMnepaTypax Bblme T c· HpoMe­
TOro, RbNiF 3 Bbi3biBaeT 6onhmoi1: HHTepec, Tar< Har< on npoapa qeu n onTH­
'leCROM )l,Hanaaone. 

B rracT011ID,ei1: pa6oTe npone.n;enhr aRCnopHMenTaJihnhle HCCJie,n:oBaHHH 
H ,U:aR TeOpeTHTieCI<Hif anaJ1H3 T8MllepaTypno:ii aaBHCHMOCTH HaM3fHil'J8H­
HOCTeH no.n;pemeTOI< B napaMarnnTnorx o6nacnr B MOHOKpHcTaJIJie RbNiF3_ 

Onpe.n;eJiennr yrnhl cnaae:ii N i - F - Ni, ycTaaaBJIHBaiOID,He xapar<Tep o6Men­
HhlX naaHMo,n:ei1:cTBHM MelR.n;y nonaMH Ni2+, H Bhl'lHcnenhr BeJIHTJ:lHibl cnnuoBOFi. 
nJIOTROCTH B anei<Tponnhl.X o6orrO'li<ax HOHOB <J>Topa.1 

1. 0 D II C a H II e C T p y K T y p bl K p l1 C T a Jl .TI a H M e T 0 .11. H K H 

CyiD,eCTBennoi1: oco6ennOCTbiO cTp)'I<T)'Phl RbNiF 3 (npocTpaucTnennaa 
rpynna D~h) HBJIHeTCH TO, 'ITO Honbr <J>Topa, aaHHMaiOID,He noaHn,Jm h H k, 
o6paayroT c.n;noennhle ORTaa.n;phl c o6ID,ei1: rpanhro 11 OI<Taa.n;phr c o6ID,ei1: 
nepmunow (pnc. 1 ). BnyTpn aTJrx OKTaalJ:pOB naxo.n;H'I'CII HOHhl HH:ReJIH 
D H03HD,H11X j HJIH a COOTBOTCTBeHHO. 

1 Iletwrophle upeAnapnTeJir,nwe peay.'lLTaThl ucc.•eAOBaH«H HMP <jnopa n RbNiF3 
OhlJIH ony6miKOBUHbl panee [6. 7] . 
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Cnoco6 npHrOTOBJieHHR MOHOKpHcTaJIJra Rbl\iF 3 Hano;neH B [ 4J. 06paaen; 

liM8Jl cjlopMy HerrpaBMJlbHOH nMpaMM!J:hl C OCHOBam.reM l3 BH,O:e _ poM6a U X 4 MM2 

:u BbtCOTOH OKOJIO 6 MM. Hccne,n:onaHMe crrerHpa HMP npono.n;Hn och 

•1 .c 
02 

r==-:...._----{ r-- - a 

Ha H8CIW.'lbKO )'COBepmeiiCTBOBaiiHOir ycTa­

HOBKe, OIII!ICaHHOI:'r B j 8• 9 ]. 0pi1BIITa.IJ;I!IH 06-

paan;a B MarHMTHOM none ocynrecTB:uuracb 

rpy6o no nHelllueH: orparme KpHCTaJrJia H 

6orree To~nro rro Bll.li:Y cner,Tpa HMP. H a­

npMMep, npM cosna~eHHI!I Hanpauaeaah 

BHemaero MarHHTHOI'O TIOJU! H OCJ.I CHM­

MeTpHH KpHCTa.n.1a (OCb c) ,O:OJDI\Hbi ua6mo­

.n:aTbCJI Bcero JJ:Be :nnnnr HMP B cooTBeT­

CTBI!IH C ..'J:B)'MJI l{ pMCTa .·l.10rpacJm'le CJ<H H8-

3KBHBa JI8HTHbiMH 110: !0lli8 UJ.iJDfH HOHOB 

cjlTopa . 

2. P e a y .TI b T a T I>I a K c n e p H ~t e H T a 

PF!c. 1. 3 JreMenT crpy{nypbl 
RbNiF3 • 

B HTOM pa3.a.e.1H H3.'Hti'1HOTCH pe3y.1~>­
TaThi 11CC,18!J:OBaHHi·i yrJIOBbiX U TCMnepa­

TypHhiX aaBHCHMOCTe~i C..'J:Blfi'LIB .:tHtnnt HMP 
F1~ B MOHORpHcTa;t;ye RbNiF3. :-hn c; umnr 

o6yc;lOJ3.:J8Hbl .:J.OKa : ll..oHW!.IH ,\t3rHI1THblMI-f 110-

JIJIMH LlH,. (m = k, lz, r.n:e k .H h- HHJJ:Bl<Chl 

D03H.IJ;HH cjlTopa), C03,0:aBa8MhlMJi[ napaMar­

HHTBbiMH HOHaMI!I HHKB.TIJI. JloE>:aJibHOe CTOJie 

( 6.H ms) H aHH3CYrponnoH: ( 6.Hmp) TJ acT eM 

1 - N;. 2 - F. FlHnCHCOM 11 o6oaH:=tqcHbr 
"JIOHbl QJ'J'Opa B ll03H~Inr h, OC'J'a JihHble UQ­
Hbl QJ'I'Opa (6e3 llH)(eHCOB) SaHI!MaiOT D0-

3 lli:llllf k. 

-cKrra,n:hmaeTcn H3 H30Tpormoi:'r 

(1) 

YrJioBaJI aaBHCHMOCTh !!J.H,.P B .n:ar;rnoM cJiy~rae onncr,maeTcH c.TJe.n:yronre.H: 

4>op~rylloi1 
"• 

!!J.H,.P = ~ !!J.Ji 1.""' (3 COS
2 fl-11111 -1 ). (2) 

n= l 

:3.n:ecb h:a/1-\.IJ:hlli '!Jl8H C)'MMhl npe,II.CTaBJIJieT C06ofi aRH30TpOITHOe B3aHMO­

.JJ:8HCTBH8 JI,n:pa cjl-ropa C OJJ;TIHM n-M HOH011 HllKe:JJI; &n.,- yroJI M0lli.IJ:)' 

HanpaBneHHeM BHemHero Marn.HTHoro IIOJIJI H 0 H BeK-ropoM F-Ni; !!J.H 1. ,.,. ­
HeKOTOpbr.H: KoacjlcjlnuHeHT . OrpamiqHMCH yqeToM TO.Jbi-<a .II.BYX 6.TJHmaHmHx 

HOHOB Hl'fl{8:1JI, TaK qTQ n0 = 2. 
llapaMeTphl !!J.Jims H !!J.Hmp MOfYT 6hlTb HaMJJ:8Hiii H3 yr.rronoif 3aBHCH-

:\JOCTH cneKTpa HMP; na6nro,n:ae!'.WH Ha Orthne . · 

Y ).l,06HO BM8CTO &,.n BBBCTH yrOJl <f'm• XapaKT0JJH3YIO~UH OJJHBHTaUHEO 

KpHCTaJJ.Tla B MarR.HTHOM UOJ18 IIpH Bpatn;eiTHH BOKpyr H8IWTOpOH OCJJ. ,[\.i ff 
..II.BYX oce11: nparn;emur, nepneH.!J,HKYJIJIPHhiX H 0 , Mhi pacc•mTa JUI 3aBHc.H­

J\fOCTb !!J.Hmp OT <f'm• 
1) Ocb spanreHHH cosna,n:aeT c OCbiO c 

nHmp = Bm6.H 1.m + C,.6.H 1.m cos (2<f'm + r.: - tp ). (3) 

0).l,ecn <f'm- yron Mem.n:y HanpaBJieHHeM H 0 H o cbEO ('110); y rrprrmutaeT 

0 
2r- 47t 

.saaqeaHJI , 3 , T ,n:na paannrx, HO KPMCTaH.'lo rpacjlr'l'lecKn aKBHBa rreHT-

.HhlX llOJIOlliBHHH H,O:ep cjlTopa; 

B 3 . ? &' 1 I m = -ySill" m- , 

C, 3 • ? &' 
m = T Slll" 111 , 

1·,n:e &~, = &;nn - yroJJ i\18li\AY OCb lO c H B0l-\TO()QJ\I F - Ni. 
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2) Ocb npa:rn;emm nepneH,JJ;I-IEynapHa ffJIOCEOCTH ac, r.p, - yro:r Mem)l;y H 0 
·11 ocb TO c. Tor)l;a 

B,. = 1 - 3 sin2 a-;, sin2 y, 
C = 3 (1 - tg2 {}' cos 2 t!i) cos2 {)' /l. ft I h' 

Bk= ; (1- 3 s i.n2 n;, sin2 y), ll 

C -3(1 · 2CI' · 2w) "- 2 -Sln v'"srn,, 1 

tga= ~ (ctg&;,secy-tg&;,cos\)1), t 
t); = .::_ 
' lj. 

I 
J 

(5) 

(6) 

lJa IJllC. 2 H :~ cn;IOIIIHblMII : l lfiHIHMII II:I06pail-\e!lbl J\[lllBhH.', IIOGT[lOBH HbiB 

:uo 8 TJIM (j>opMy.:JaM upH ::mat!emtHx uapaMeTJJ013, o6cc1Je'IIIIW£ouutx Ha:H:Iy'l­

:mPe COI3!1!l,'l(~HHB IfX C 9RCIIP.IJH~IPHTOM. 

JfpBBB~BM cpe,ll;HHB BHa~e~HR 9TilX uapaMeTpOB 

ilH,., = (100 :t 5) rc, 

J.H l.h = (46 ± 2) rc, 

&;, = ( 45 :t 2)0
, 

J.Hks =(53 ± 2) rc, ) 

J.H l.h = (20 ± 2) rc, 

a;,= (58 :-::: 2)0
• 

(7) 

0TCIO,I(a BH.I(HO, 'lTO yroJr CBHBH Ni (/)- F (h)-Ni (f) paBeH (90 ± 4f. 
3aMBTifM, qTo DpH Bl>IBOJJ,e qJOpMy.tihl (6) Ml>l C'IHTaJIH yro.rt CBJIBH 

Ni (/)-F (k)-Ni (a) paBHI>IM 180°. Y.JJ:oBJtBTBOpHTe.l!&Hoe conrraJJ,eHHe pac'Ie'f­

HhlX Y!'jlOBhlX BaBHCHMOC'fBM C Ha6:IIO~aeMblMH rOBOpHT 0 copaBe)l;JIHBOC'fH 

:3TOI'O ope,n:OOJIO}ECHHJI, XOTH TOqHOCTb onpe,n:e:IBHHH 9TOfO yrna T8RHM 

nyn~M He .rry~me 'IBM ± 10°. 
HpoMe 'fOro, 6hlnH HcCJIB.JJ:OBaHbl y r·aoBLie 3aBHCHMOCTJI, cooTBeTCTByro­

.:rn;vre np.a:rn;eHHIO RpHCTa.rrria BORpyr ocR (110). OmrcMBaro:rn;IIc HX aapaMeTpbi 

oCOBlla)~aiOT B npe,n;eJiaX OorpemHOCTH C yKaBaHIIhlMH BBJIR'lHHa.MH (7). 
Ha prrc. / f nao6pameua TeMn epa-rypnaH aaBHCHMOCTb c~Bnron .:IHHMH HMP 

illpH H&llc. 8KcrrepHMBHTaJJbHO Ha6.1IIO,n:aeMbie Be.:rwmuhr t::.H" H !:l.Hh B aToM 

ilHk = .)./iks - 0.1J.H l.l" 

ilH" = !:::.H118 + 0.5ilH l.k · 
(8) 

11cG,1C.IJ:OBaHHB TBMilepaTyfJHbiX 38BifCHMOCToii llfJH ,n:pyrHX OpHBH'faii.HHX 

iKpncTa .'L'Ia noRaaano, 'ITO ill! l.k oT T cyiiJ,ecTueuno He aamrcHT, rroaToMy 

MO<RHO C'lHTaTh, ~TO BO BCBM HCC:l8Jl,OB8HHOM HHTCpBaJie TBMnepaTyp, RpOMB, 

MO}EBT 6biTb, CBMbiX HHBRUX, 0 .1.3.H l.k ~ 2 rc. Moamo npHHIITb , 'iTO LlH hs 

u D.H _L h aaBHCHT oT T o,n:unaiWBbiM o6paao:-.r, H Tor,!.(a HeTpy,n:no nocTpOHTh 

.aam.tcu?.tocTh t::.Il"' OT T . 

3. 11 H T e p IJ peT a II H H p C 3 )'.'I b TaT 0 B 

'l. J3 II a paMafHHTHbiX !{pHCTa.'IJiaX JiOI\a JJ bHhle ilOJlll II a a.n;pax o6yc.1oB­

JIBHhl CBepXTOHI<HM H )l;HTIO:Jb -J(HfiOJibllbiM l33aHMO)J;BMCTBHBM MarHHTHhlX 

~IOMCHT<lB HiJ,Bp H 9JIBKTpOHHI>lX o6o.'I0'1CK napa?.Ial'l:IHTHhlX MOHOB l lO, 11J. 
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-80 -60 -40 -20 0 zo 40 60 (/1° 

tJ.Hm 
Pnc. 2. 3aBHCMMOCTb a= n- 01' 'f' rrp11: Bpam,e­

o 
HHH KpHCTaJIJia DOKpyr OCH C. 

3necb 11 Ha pnc. 3 'lacrora .flMP /=25.7 Mr~. T=293• ~. 

J 

• 
• 

a 
0.020 

-90 -60 -30 0 JO 

h 

k 

----k 

60 90 r( 
t::.H,. 

PHc. 3. 3aBHCHMOCTb a= ---n-; aT 'f' npu 

Bpam,eHHH KpHCTaJI.'Ia BOKpyr OCH, rreprreH­
AHK,V JIHpHo~i flJIOCKOCTH ac. 

;It I I' 

~ 
::r:.~ 

'<:! 

BOO ' 

01 ,-~ I I I I 1 - - ·, 

-200 

PHc. 4. TeMrrepa1'ypnaii aanHCHMOC1'b .'IOHa.'Ib­
HIJX MarHHTHlJX llOJie~i t::.H11 If t::.Hk na !!p;pax 

F19 B RbNiF3 np.1:1 ! 0 =25.7 Mru;. 
CUJIOillHbiMH JIHHHIIMH IIOR838Hbl TCM!leparypHblC 8aBH• 
CIIMOCTU AHk

8 
(RpHBaii I) II AHh

8 
(KpHBal! II), paCC'III­

T8HHbiC 110 qlOpMyJiaM (8). 

J. 
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BK.nal( B cnepxTOHKOO B3aHMo,n;ei1CTBHO c RD;paMH <f>Topa npawmllemur non­

HOCThiD onpe!(e JureTcH ,IJ.BYMH O.TIHrRafirmrMH IiOHa~m HHKe;rrr. On;enHH noKa-

3biBaiDT, 'ITO 3Tl1:M rRO npii6JHI)l{OHHOM MOIKIIO orpaHM'lMTbCJI M npii paCCMOT­

peRim lJ.MHOJib-fl:HIIO'lbHOro B3aiiMO.D:OMCTBHH. Tor.n;a .n;nrr napaMoTpon t:,Hms,p 
cnpaBOJ(JlJ1Bbi CJJOJJ:YIDliJ:HO Bbipa<ROHIHl 

1H =(--1 
)2A.t # S.t""-

"• '(h hs ""- z /,/ ' (9) 

MI~c.=( ~ -/h )(A{. ~S{:J> +A%.~S~:J>), (10) 

(11) 
r,n;e 

~HD - 2 « p.f )) MID . = « p.f)) + « f'-a)) ) 
J. h - r 3 ' J. k r:3 r~ ' I 

k.f /Ca 

t:,H~].B = (- -/1z) 2A(,P ~S{:J> , i 

;a~1" ~ (-- ,',)(A£, %:Sf:p + A:, %:S::J> )·J 

(12) 

3,n;ech A;,., - I<OHCTaHThl CBOIHTOmwro (H30Tponnoro A~,. u an:H30Tpon­

uoro A;,.p) B3aHMO,n;eiicTmiJ1 (CTB); 1;:_S;:J> - Tep~toJ(HFiaMH'lOCHHe cpe,n;mro 

3Ha'IOHHH C!IHHOB HOHOB HllKOJJH B D03liJJ)1H i; ~p.•:J> - Mal'IIH'fHhlO MOMOHTbi 

MOHOB Ni2
+, KOTOpnJe npHmiMaiOTCH 3a TO'lO'liihre JJ::HnonH; rm, - paccTOf!HHJ1 

MOlli,Il.y COOTBOTCTBYIOJIJ;VIMM HJ(paMH <f>Topa M HVIHOJUI, "(- I'HpOMafJIM'rHOO 
OTHOIDOHHO HJ(pa. 

2. Hameif aa,u,atrefi JIBJIJIOTCH pactreT HOHCTaHT A;,.
1 

11 Te~mepa-rypnr,rx 
3aBHCMMOCTOH ~S;:J> IIO H3MOpOHHhlM BOclH'lHHaM !::,If. ,lJ;mr 3'f0f0 6yp:CM 

rrpn.n;epmHnaTbCH cneJ(yiOJIJ;eif cxeMLL BhPIMCJIMM nHa '1 ane HOHcTaiiThi 1130-

Tponnoro CTB A;,, 11 TeMrrepaTypnhlli xo.n: ~S;:J>, 3aToM pacc•twraeM t:,HD 
H rrocne SToro naiir.n;oM rwncTaHThl A;,P. 

IJa rrepBOM STaDe H006XOJ(MMO COOTHOIDOHIHI (9), (1 0) l(OllO.:lHHTb J(aH­

HhlMH o TeMnepaTypno 3aBHCHMo1r •racTM Xm MOJIJipnot1 napaMarHHTnoii 
BOCUpMHM'IMBOC'fl1 

(13) 

.'3,n:ocJ, g H ~- g - <f>aHTOp (g = 2.35l5J) n MafHO'I'Otl Bopa COOTBOTCTBCHIIO, 

N - 'lHcno AnoraJ(po. IT pH noM J(JIH I>am.n;oiir TeMnepaTypLr HMeeTCJI TPH 

ypaBHOHH.II (9), (1 0), (13) J(JIH ODpe,rJ,eJIOHMH l1HTM HeuimeCTIIhlX. l\ aJ< 06bl'IIIO, 

HOIICTarrThi CTB C'lHTaeM ne 3aBHCJIJIJ;HMH OT TCMrrepaTypLI. 

CTpyRTypa 9THX ypannenMi1 Tar{ona, 'ITO MOHUTo o.n;uo3na'lno Bhl'IMC­

.1MTb A~., a ,!l;J1fl onpe.n;e JIOHHH A{., A{. rr TeMnopaTypnhtx 3aBHCHMOCToi'r 

1;._S{:J>, ~S~:J> Tpe6yeTC.II BBCCTH OJ(HO J~OIIO.'IHMTOJ!LHOO yc.JIOBHC. 

Han6onee upoCTbiM HB.JIHOTCJI rrpe,n,no.rromeuHe o paBOHCTBO ,n;syx I\OH­

CTanT CBOpXTOHKOrO B3aJ1l\fOl(OMCTBl1JI. 

Boo6JIJ;e ronopH, MOJ£\HO 6bwo 6Lr rrpHHHTb OJJ:HO n3 c:IOJJ:YIOITI:IH yc.'lo­

BHM A{. = A{., A£.= A~. MJII1 A{.= A~,. O.n;uano pa3yl\mhro (6:III3I{He 

K 06hl'lTTO ua6 .'1IOJ(aOMb!M) 3Ha'l0HMH IWHCTaiiT II HODpOTHBOpO'lilBOC ODHCa­

HHO 3KCTlepHMOH1'aJibiihiX pe3y.1hTaTOB i\IOfy'r 6btTb JJ:OCTlfl' ITY'fhl TO.'lbhO npu 

ycnomur Af.8 =A{,. l1cnOJib3.)'1I STO ,a:oitomnrre.n hiiOe cooTuomenuo, uaxo­

J(MM cJJe.n;yromHe 3Ha•IeHMJ1 IWHCTaUT H30Tponnoro CTB 

Aks = (4.1 .:f- 2). to-• cM-I, } 

A{,=~{,= (31 --)- 2). 10-4 Cl\C1 (H) 

H paCC'IT1TbiBaeM TOMrrepaTypHhlO 3aBHCHMOCTH ~S{:J> H ~S~:J> . 
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Ha pHc. 5 rrocTpoeH.w: TOi.\mepaTypHO aaanci•IMbiC TJ.aCTH uaManuiTJ.eHno-· 
CTeH ITO]],pemeTOK 

Yr~aaauHnie a ('14.) aHa'-leHiur norpemuocTeii o6ycnoaneHbi .JHIDb c-ra­
THCTHTJ.ecKHM paa6pocm.I [H{CriepH:YI6HTajlbiiblX ).l,aHHbiX l'I He CBl:l3aHbl CO• 
C).l,eJJ aHHbiMH BbiiDe ).l,OllJIIIeHHHMH. 

,lJ;JIH paC'le'ra ).l,HIJOJlbHhlX riOJJClf He06XO).l,HMO 3HaHHe )!ea-\aTO)!HbiX 
paCCTOHHHH. 'Y'IH'l'biBaH CXO,il;CTBO Cl'pyKTyp H 6JIH3KHe auaqenHll napa­
MeTpOB aJieMeHTapuoM: JI'leFiKH ,!I)IJI RhNiF3 n reKcaroHa:IbHOrl .\IO).l,l:HJnma­
!lHU BaTi03, rrpnHnMae:--.r ana '-leuHe Mert\a-rOMHbiX paccTOJIHnfr TaKn:o-.nf i-Ke,. 
KaK a BaTi03 

MarHHTHhli1 l\10Meii'r 

l').l,e o- Te.\mepaTypHo rreaaBHCHMaJJ nOillJaBKa K HaMarHuqem-wcTH IWna, 
o6ycnoa:JenHaH napaMarneTH3MOM Bau-<DneKa. I1crrOJib3JH Bbi'IHC:JeHHble· 
3HaqeunJI 1;_Sz)) (p~rc. 5) H o naJ 5], nonyqHM npM T=280° K 

(15} 

3. Cne).l,yH o6ni<J.HO~i MeTO).l,HKe [ 12] H npeHe6peraH HcKameHnJIM H cpTo­
pHCTbiX OKTa::l).l,pOB, paCC<J.HTbiBaeM ).l,aJJee CIIIIHOBble UJIOTHOCTH ).l,JlJI 2s- R · 
2p-o6onoqeK cpTOpa . 

,lJ;JIH HOHOB k I>. 

(16) 

).l,JIJI HOHOB h 

(17) 

3).l,ecb a28 = 1.503 cwCl, a2P = 0.0429 c l\C1[10 J II S = 1- crrnu Mona NF+. 
3aueTHM, qTo B ITOCJie).l,HeH C'l'pOh:e (17) CUHHOBaJI ll.iiOTHOCTb j P OTHO­

CHTCJI K )],BJM B3al'IMJ10 rrepneH).l,HI\JJHl (JHbl.\1 2p1 • II op6IITa;\f HOffa cpTopa,. 
T. e. fp=f;=f~I (puc. o). ,lJ;e.'lO B '!'OM, qTO 6Jial'O).l,apJI 90° -CBJI3II 
Ni (f)-F (h)-Ni (f) aaanMO).l,ei1cTBHe e

0 
op6wr Ni (!)1 II Ni (!)II rrpoHCXO).l,IIT' 

c opToronaJibHbiMioi 2p-op6rna:~m tfJTopa. 
0TMeTIIM He06biTJ.HO 60JibiDOe 3IIa'leHJ1e Cl!IIHOBhlX II.'IOTHOCTe~{ fi II jii 

no cpanaennro c 3Hal:JeHHHMH fP = 4°/0 , o6hlqHo ua6mo).l,aeMhlM~ np~ 
180°-caaaJix_ Ni-F -Ni, rwr).l, a o6a HOHa mmena aaanMO).l,eticTBYIO'l' c O).l,rroif 
H TOW me 2p-op6IITOW cpTopa [lO, 11]. 

4. 06cy).l,HM TeMrrepa<rypHJIO 3aBHCHMOCTb HaMarHR<feHHOCTH IIO,T(peme­
T01{, nao6pameaHyro na puc. 5. 

HaMarHn<reHHOCTb no).l,pemeTKH f IIMeOT o6atiHyiO TeMncpaTypnyro aann­
CIIMOCTh, B TO me npeMJl MarHHTHbiM :MOMeHT IIOJ],pemeTKII a-y~teHhiDaeTCJl 
npw noumRerurn TeMncpaTyphl n J],aa<e naMeJIHeT CBOH anar< n6.TIH3II 280° K . 
OTOT peay.1IbTa<r, no.:ryqenHhlM H3 ).l,aHHhlX no HMP, noRaaaaaeT, 'ITO 
B RhNiF3 Bbrrne Tc BO anemneM MarHHTHOM none cyiiieCTBJIOT )],Be npo­
TIIBOUOJIOIKHO HanpaBJieHHblX Mal'HIITHhlX IIO]],perneTKII. 2 

2 CJieAyeT IIQAqepHHYTh, 'ITO OTOT BhlBOA He 3aBHCHT OT YCJIOBHR: paBeHCTBa 

A{..= A{., ap«HR:Toro Bhlme. 

'-
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II 
=:I (r1 - r a) - o6Menur,rii miTerpa:J MCfl':J.Y uouaMH c rwop.n;mraTaMu r 1 n ra, IIi 
npu~ICM r1 - I<OOPJ:l;UHUThf BOHOB TI O.il,perneTIUl j, ra- fiOJJ;pCIIICH<l'I a, b;1 -

<!JymuJ;JUI , o6paTnaH <flym,UHH BpHnmoana 

b8 (x) = ( S + ;) clh ( S + ~) x- ~ clh : . I 
B HHTepccyrom;e:i;i rrac uapaMarnHTnoi1 o6nacTJr { Sf}), <<S~}> ~ H0• 

IIo.1e H 0 6y.n.e~r npe,u:n o.<a raTh c.'la6hn.1 nacTOJihKO, 'JTO B pa3.TJOiHcmm B;1 

{_sf)"\ {,s" 
no ; "' , ~ .t7 n ypanuemu.1x (IS) :-.ro:-~wo orpaiiH'Il!TbCH nC'pBhnr 'I.Je-

IIOM. TOL'Jl.a 

r.n,c 

//Sf~ =- S(S+1 ) g~H0 [ l a+ 1 + a J 
'-'- , ;:}/ 3 k T - T + T - T • I 

//Sa~=_ S (S + 1)g~II0 [ ·1 - b .. :... 1 + b -] f 
"" Z //' 3 k T - T + I T - T- l J 

( 19) 

(20) 

(2 '1 ) 

a T = T 0 - TC:\wepaTypa Hropn. B arrrn<fleppolltarneTnr<ax ;/1~ = c?w 
;/_= 0, noaToll!y a=b = 1 n nccr.n.a -{S{}>~ O, -{.S~}>~ O. B ¢cp­
pnMarncTrmax nr;J12= n,,.;J21 (HUIIOMUUM, 'lTO nj ll na - TJHC!la HOH013 
n noJJ; perneTr>ax f .11 a cooTneTCTBenuo). I [pc.[(uonaraH n1 > na, JI3 (20) H 
(21) IIO .TlY'lllllf 13blp alf\Cll.l!1C }l;Jlll 'I'CMne paTyphl T 0' n ()11 lWTOpoii: 1; s~~ = 0, 

To_ o7u-1-l ~7nl 

T c-o7 + + VQJ~ + QJ21QJ I2 -
(22) 

Ec.rm nperrc6pc'I b naamw;:I;eHCTBHel\1 Bl.l)" rpn uo.[(perneTOK (c?n =;; ± = 0), ~ 
TO BI>IpaiKeHUC (22) yupom,aeTCR ll 

T0_~ 
Tc- na. (23) 

H RbNiF:J npu yTJeTc B3aHMOJ~ciiCTmm TO.'lhKO MelK.n.y 6mi;Ha:i1:rnullm 
COCC.lJ.IlliHI ;/11 =3;/_u ;/12 =3J11, ;/21 = (5;/ 11 , ;/22 = 0, l'JJ;C ;/1. H J 11 -

o6MCHITI'>Ie I·UITerpaJJhi ,U:Ml 90 11 180°-B3aHMO:~ciiCTBHH JIOHOB mme,'IJI qcpC3 
h n k norm <flTopa ( CJII. puc. 1 ). C:1e,u:onaTC:l biiO, n RbNiF 3 

T0 = z 1 + 2K 
T c J + v'1 +BK2 ' 

(21) 

T 
O·rnornem!C To paBUO e;J,ITHIII~C 'l'O.lbnO upn K = 0, T. e. {S~}> He oopa-

c 

lll,aeTCJI B Hyclb 11})11 OTCYTCTBUU B38JIMO.lJ.O~iCTBUJl MCrJ{}l;y llO.lJ.pCillO'l'IWMlf. 
Ilpn ;uo6o:rvr )lpyroM K H3 (24) no.nyTJ a eM T 0 > T c· l\IaKcHMa.'lhrroc 3rra ,, c-

. To 1 - 1 2 HHC T = .;) COOTBeTCTJ3)'0T K = , n npn 113JIIencm!u K OT 1 / 2 ;'l;O OTTTO-
c 
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• = I (r f- r a)- o6MCHII.biR liHTerpaJJ MOlK)J.Y llOHaMli c E00p)l)1HaTaMH r f 11: r a• • 
npH"<ICM r1 - lWOp.[J;HHaThl HOHOB TIO.[J;pemennr f, ra- IIO.[J;peiileTRH a, b;1 -
t{lynRI1liH, o6paTnaH t{lynRrrHH EpHmnoana 

b8 (x) = ( S + ~) cth ( S + {) x- ~ cth : . I 
B nHTepecyrorrreil: nac uapaMannrrnoil: o6nacTH .((S{)>, <R:S~~ ~ H0 • 

ITone H
0 

6y.11;eM npeJ.I.rrorraraTh c.'laOhTM HacTOJibrW, •1TO B p asno<RenHH B;1 

1!0 <R:~~ , <<?» B ypaBIICHHHX (18) MO/HHO orpaHU'H~TbCH flCpBbll\1 1J.1.C­

.IIOM. Tor.11;a 

# Sf'\· = _ S ( S + 1) g~Il 0 [ 1 - a + 1 + a J ll 
"' . )> 3 k 1' - T+ T - - T _ ' 

# 'Sa'-'.. =_S(S+1)gpH0 [ 1 - b --1- i+b J ~ 
"' ·~ 3 k T - T + ' T - 1' _ ' J 

(19) 

(20) 

(21) 

a T = Tc- TeMnopaTypa HropH. B anTncpeppoMarneTHRax r:712 = r:72p 

r:7_=0, noaToMy a=b=1 u ncer.11;a -.((S{~ ~O, -<R:S~~ ~O. B t{lep-
pHMarnenuuu n1 r:712 = naQ/21 (nanoMnrrM, 'ITO n1 H na- 'lHCJia nonoB 
B TTO)J,peraeTKaX f H a COOTBCTCTBOmiO). IIpe.[J;IIOJiaraH n1 > na, M3 (20) H 
( 21) ITOJIY'lHM Bblp amenHc .[J;JIH TCMne paTy phr T 0 , npn IWTOpoil: <R: S~)) = 0, 

T 0 c7ll + I o7 21 I 
Tc = o7 ++Vol~+ o7;no712 

(22) 

EcJllii nperre6peqr, nsan:.Mo;rt.eilcTBHCM nnyTpli no.[J;peiilCTOK (r:711 = Q! ± = 0), l"" 
To BhlpamenHe (22) yuporrraeTcli n 

T0 _ J0: 
Tc- na . 

(23) 

B RbNiF 3 npH yqeTe nsaHMo.n,ei1:cTBMH TOJibKO Mell{.[J;y 6mDKai1:mn:MJI 

cocepJIMH r:711 =3r:7.L, r:712 =3r:7 11 , r:721 =6r:7 0 , r:722 =0, r.11;e d .L H r:7:,­
o6MeHHbiC RTITerpaJJ:bi )l,JlJI 90 H 180°-B3aUl\Hl!l-Oi1.CT8HII liOIIOB HliHC.'III "<!Ope3 
h u k HOTihi t{lTopa (c~r. puc. 1). C:lO)J,OBaTe.TJhHO, B RbNiF3 

T 0 = 2 1 + 2K 
T c 1 + v'i + 8K2 ' 

K=~ \. c7 ' .L 
(24) 

OTiromemie ~0 panna ClJ.MHHl\O TO.'lbHO llpH K = 0, T. e . <R:S~~ He o6pa-
c 

maeTcJI B nyJih rrpn OTCYTCTBHU nsaTnro.[J;eMcTBHH Memp;y nop;pemeTHaMIL 
Upu nro6o:M .11;pyroM K H3 (24) rrony'laeM T 0 > T •. . MaT<CMManr,noc 3HaTJ:e-

. nMe ; 0 = 1.5 cOOTBeTCTByeT K = 1, u npu nsMcuomur K OT 1/ 2 p;o 2 OTTIO­
c 
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T 
meniie To naMenHeTcH Menco, TJeM na 2%, T. e. OTHomenHe T0 /T. npaK-

c ri7 
TWJeCKff ne 3anncnT uT -;;;-- II paBno 1.5. 8To KatJ:eCTBenuo corJiacyeTcf! 

C ;)KCnepH:\feiiTOM: (~O) .L = 2.0. 
C <HiCH. 

5. 06cyil\,!J,eliH8 

ITpHBe,z:r.ennnre Bhlme ::mcrrepHMOIITaJibHhle .n;anHnrc o6 yrJioBnrx aamtcH­
MOCTHX cneKTpon HMP npHBO.lJ.f!T K aaKJIIOl.feHmo o namPmn: 90- n: 180°-cBRaeif 
Ni-F-Ni B RbNiF3. 8To. p;eJiaeT RbNiF3 BOCbMa y.n;o6HnrM o6'beKTOM .zi.JIH 
COITOCTaBJIOHHH Teopmi CBepxo6MOHHOf0 BSaHMO.lJ.OHCTBHH C 9I{CnepiiMOHTOM. 

HaK cJiep;ywr na pa6oT Au.z:r.epcosa [14], 90- u 180°-Kos!Jln:rypar:r.n:H 
I\ i- F-Ni UpliBO.lJ.HT COOTBeTCTBOIIHO K !JleppO- H aHTH!JleppoMarHn:THOMy 
BsanMo,z:r.ei'rcTBMIO Me){{p;y Jronal\!II Ni2+. 

8TO npe,li;CTaB.:IenHe 0 xapaKTepe o6MeHHbiX B3allMO,z:r.eHCTBHH HaXOJI.IITCfl 
B XOpomeM COrJiaCHH C BhlBO.lJ.OM 0 cyll(eCTBOBamni rrpOTIIBOUOJIO}l{HO Ua­
npaBJieHllhlX no.n;pem eTOK a a f B RbNiF 3, nocKOJJhKY TartaH Baan:MnaH 
opneHTaiJ.HH MOmeT 6hiTb TOJibKO npH HaJIIJllHH aiiTII!JleppOMarHHTHOfO 
naan:Mo,ll;ei'rcTBHfl MC>K.z:r.y a- M f-no.z:r.pemeTKaMH. IIpcp;cTaBJienHe o !Jleppo­
MarHHTITOM Baan:Mop;efrcTBHIJ Mem.z:r.y HOHaMH nnyTpn f-no.r:r.pemeTI{H TaTnKe 
cornacycTcH c rramnMTI peayJII>TaTaMn:. OJT;naKo 9TH nnrno.z:r.nr ne n:croiJOlJaiOT 
B03MOHmOH Hei{QJIJIIIIIeapuoi1: MariiHTHOH CTPYI{TYPbi un:me r., a TOJibKO 
yr.;a:lbiBaiOT Ha xapaKTep p;OMHHHpyiOIIJ.HX 06MOIIllhlX B3aiiMOp;eHCTBHH. 

Bamuo OT)ieTIITb, 'ITO .n;uarraaon TeMnepaTyp, r.z:r.c cyiiJ.eCTBYTOT rrpoTH­
nono;Iomno HanpaBnennnre no.n;pemeTKH, rtaH llOL{a3b1BaiOT TeopcTnlJeCHMe 
paclJeThl, B nepnyro O'lepep;b Onpep;eJI.f!eTCH pa3.'1HlJIIbiM l.fllCJIOM MafiiHTHhlX 
11orron B paaui>rx no.n;pemeTH:ax RbNiF 3, a rre coOTHOIIIerrn:eM o6MeHHhTX 
IJ Jl'rerpaJioB. ITocKOJibHY a TOT a!Jlq}el{T c13JI3an c He9KBHBanenTBOCTbiO no;~­
pcmeTOr\ n HB.'UreTcH, TarmM o6paaoM, cnen.m}mqecrmM p;nH !Jleppu.Marrre­
TTIJWB, TO oa .n;onmerr OTCYTCTBOBaTb B M.n;eaJib rlbiX aanrq)eppoMaruenmax, 
l'ilO MMCeTCJI rronna.f! aKBHBanerrTHOCTb no.n;peme-rOI{, rrarrpnMep, u KNiF 3, 

Rb:MnF 3 HJIH KMnF 3. ,Il;eHcTBUTe!TbHO, B ;nux IipUCTa.lJ.'lax no.n:o6nnu: 
a<J>q)einoB He rra6mo,n:anocb. 

06 pall(aeT Ha ce6JI BHHMaHIIe pacXOrl\.lJ.OHll 0 Me>I{)J,y 'fCOpeTH'lCCHHMH H 

:H.;c rrcpMMenTaJibHhlMll 3Ha'lenHJIMTi TeMnepaTypnr T 0, npH KOTopofr naMa­
rrrn:qeHrrocTb no.z:r.pemenm a o6paiiJ.aOTCff B HY.:Ib. cho pacxO>H.n;erme 

(T0 =280°K, T0 =210°K) ne/IO-TT aa npo.n;enaMH B03MOffiliOH om:u6Hu 
J&cn. pac11. 

:mcrrepn:MeHTa H He MOIKOT 6hlTh ycTpaneno JHIKaiUJM paay)IHbiM Bhl60p0M 
napaMeTpOB pac~re-ra- o6MeHHhiX HHTerpanoB Q/12, Q/w Q/22• 8To .n;aeT naM 
ociionaHne rronaraTb , 'ITO yKaaannoe pacxoffip;eHne CBH3aHo c orpaHnqen­
uocTbiO TeOpiJH MO.'lOKY::I1IpllOrO TIO::IJI, KOTOpaH KalJeCTBeHHO npaBM.TlbiiO 
OOHCbTBaOT f!B.'leHHJI, IIO ITO YlJHThlBaOT BJIHHJIHH 6numncro MarHHTITOfO 
nopa,a;Ka. 

AuTOpbl 6.<aro.z:r.apJIT II. II. CnrpHnKoBa aa npuroTOBJieHne MOHOI{pn­
eTan JJOB. 

j1] W. V. Rudorf, J. Kandler, D. Babel. Zs. Anorg. Allg. Chern., 317, 
261' 1962. 

[2] R. D. Burbank, H. T. Evans. Acta cryst., 1, 330, 1948. 
f3J r. A. CMOJienci<nii, B . M. IO;.(JOI, II. II. Cl>IpiiH I<O B, A. E. UTepMaH. 

<DTT, 8, 2965, 1966. 
f't] r. A. C:\l0.1:eHC10lll, B. M. IO,'.Inii, rr.rr. CLipHllliOB, A. E. IIIepMan. 

IIrrcL>Ia n pep,ato\1110 1H8T<D, 3, 1\16, 1966. 
jS] M. W. Shafer, T. R. McGuire, B. E. Argyle, G. J. Fan. Appl. Phys. 

Lett., 10, 202, 1967. 
[6] M. II. lleTpon, r. A. CMo:renc1ndi, II. II. Cr,IpRHI\OB. ())'fT, 7, 3689, 

1965. 
4 <l>nsHJ<a TBePJ~oro Te:rra, BbHL 5, I 968 r. 



1314 r. A. C.!ID.J!eliCKUU, M. II. IIerpo6, B . B. MocJ>aJLeiJ u iJp. 

[7] G. A. Smolenskyi, i\L P. Petrov, V. V. Mo s kalev, V. S. Kaspe­
rovich, E. V. Zhirnova. Phys. LeLL., 25A, 519,1967. 

[81 H. M. AJJei<CaHp;pon, B. B . MocKa:reB. BecrH. Jll'Y, .M 16, 16 ,1958. 
[9] H. M. A;rei<CaHp;poB, B. B. Mocr<a:ren. C6. «ffp;epHhiM MarHHTHbTii 

peaonaHC». Hap;. JifY, 132, 1965. 
[10] R. G. Shu lman , S . Sugano. Phys. Rev., 121,506,1963. 
[11] M. II. IIerpoB, I'. A. C)Jo:TeHcKHiL Jl\aTcD, 50,872, 1966. 
[12] E. Keffer, T. Oguchi , W. O'Sullivan, I. Jamashita. Phys. Rev., 

115, 1553, 1959. 
[13] C. B. T ll. 6 :1 H K o B. Merop;hl KBaiiTonoii reopH:rr MaraerrraMa. Hap;. << Hayr<a» , 

M., 1965. 
[14] P. W. Anderson. Sol. St. Phys., 14, 99, 1963 . 

Hacr:rrryr nonyrrpoBOI\HHKOB 
AH CCCP 
JI eHJmrp a A 

IIocryim;m s Pep;aKJ.J;I!lO 
18 Ol>'rH6pH 1967 r. 




